Background: Epicardial adipose tissue (EAT) may produce several cytokines contributed to coronary atherosclerosis. EAT was measured by transthoracic echocardiography or 3 dimensional cardiac computed tomography (CT) on previous studies. We aimed to evaluate the correlation between EAT thickness and cardiovascular risk factors in healthy adults. Method: We collected clinical, biochemical information from 469 subjects (371 men and 98 women) who visited our health promotion center. EAT thickness was measured by chest CT on the free wall of the right ventricle. Result: The mean EAT thickness was 2.47 ± 1.64 mm in total of 469 subjects. EAT thickness was significantly correlated to age, weight, body mass index (BMI), total body fat, systolic and diastolic blood pressure, total cholesterol, low density lipoprotein (LDL)-cholesterol, and fasting glucose in men and to age, height, weight, BMI, total body fat, systolic and diastolic blood pressure, triglycerides, C-reactive protein (CRP), and fasting glucose in women. Multivariate analysis showed that age, BMI, systolic blood pressure, fasting glucose were the variables that independently correlated to EAT thickness in men. But there was no significant independent variable in women. Conclusion: In our study, EAT thickness measured with chest CT in healthy individuals correlates with cardiovascular risk factors in men.
Introduction
Obesity is an important risk factor for cardiovascular and metabolic diseases, such as hypertension and diabetes [1] [2] . Visceral fat, defined as the amount of fat distributed around visceral organs, is strongly associated with the development of metabolic syndrome, the incidence of cardiovascular disease, and mortality [3] [4] . Therefore, accurate evaluation of visceral fat mass is very important for identifying patients at high risk of metabolic syndrome and cardiovascular disease. Epicardial adipose tissue, in addition to the measurement of visceral fat, has been studied as a new indicator for evaluation of visceral fat [5] [6] [7] . Epicardial adipose tissue fat is situated around the heart within the pericardium. It originates from the splanchnopleuric mesoderm, and its origin is thus the same as abdominal visceral fat. Epicardial adipose tissue fat is metabolically active and secretes various hormones and cytokines that affect vascular endothelial functions, which can play an important role in the development of coronary artery disease [8] [9] . However, studies on epicardial adipose tissue fat conducted to date have mainly involved non-healthy participants with suspected cardiovascular disease or chronic disease. In addition, in most previous studies, epicardial adipose tissue was measured using transthoracic echocardiography or 3-D cardiac computed tomography (CT). There are few studies using chest CT, which is relatively frequently performed in clinical practice. The present study aimed to measure epicardial adipose tissue using chest CT in healthy adults with no history of cardiovascular disease or chronic disease, and to investigate its correlation with cardiovascular disease risk factors.
Materials and Methods

Participants
We recruited and investigated all adults aged 20 years or older who underwent chest CT at Health Promotion Center, Sanggye-Paik Hospital in Seoul, South Korea from January 1, 2010 to December 31, 2010. Epicardial adipose tissue thickness was measured on the free wall of the right ventricle. Patients were excluded if the epicardial adipose tissue thickness could not be measured because the pericardium boundaries were unclear, if it was not easy to identify structures in the heart due to blurred images obtained with chest CT, or if they had a history of heart failure, renal failure, severe hepatic disease, malignant tumor, hypertension, diabetes, or coronary artery disease. Finally, 469 subjects (371 men and 98 women) who did not meet the exclusion criteria, were included in this analysis.
Methods
The height and weight of each participant was measured to 0.1 cm and 0.1 kg, respectively, using the same scale with shoes taken off in an upright position. Body mass index (BMI) was calculated by dividing the body weight by the square of the height (kg/m chair in a stable state for more than 10 minutes.
All participants fasted for at least 8 hours before blood sampling. Venous blood was collected to measure serum total cholesterol, triglycerides, high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, C-reactive protein (CRP), and fasting blood glucose levels. Smoking and drinking status of the participants were often missing in the records, and were not used for data analysis.
Chest CT was performed without enhancement using an Aquilion 64 scanner (Toshiba Medical System, Japan). Slice thickness was 5 mm, and was observed from the mediastinal window. Epicardial fat thickness was measured on the middle slice by counting the number of slices from the slice where the right ventricle first began to be visible to the last observed slice. A vertical line was drawn from the straight line connecting the right and left atrio-ventricular grooves to the apex of the right ventricle, and then a vertical line bisecting the line was drawn to measure adipose tissue thickness from the point of contact with the free wall of the right ventricle to the pericardium. The epicardial adipose tissue thickness was measured two times on different days by one observer, and the mean value of two measurements was used for data analysis.
Statistical Analysis
The participants were divided by gender, and differences in the evaluated parameters are expressed as mean ± standard deviation. Each variable was compared using the t-test. One-way ANOVA was performed by dividing epicardial adipose tissue thickness into quartiles in order to examine the difference in variables according to the increase in epicardial adipose tissue thickness. Correlation between epicardial adipose tissue thickness and cardiovascular risk variables by gender was analyzed using Spearman correlation coefficients. Multiple regression analysis was performed to identify factors independently affecting epicardial adipose tissue thickness using the variables identified. All analyses were performed using SAS software program. Statistical significance was set at p < 0.05.
Results
Clinical Characteristics of the Participants
The mean age of the participants was 51.29 years old. The study population consisted of 371 men (79%) and 98 women (21%). Mean BMI was 24.62 kg/m 2 , and the mean epicardial adipose tissue thickness was 2.47 mm. BMI, systolic and diastolic blood pressure, white blood cell count, and triglycerides were higher in male participants than in female participants, whereas CRP and mean epicardial adipose tissue thickness were higher in female participants (Table 1) .
Comparison of Variables According to Epicardial Adipose Tissue Thickness
The epicardial adipose tissue thickness of all participants was divided by quartiles, 
Association between Epicardial Adipose Tissue Thickness and Cardiovascular Risk Factors
In men, epicardial adipose tissue thickness showed a significant positive correlation with body fat, followed by BMI, body weight, fasting blood glucose, systolic blood pressure, LDL cholesterol, age, diastolic blood pressure, and total cholesterol. In women, epicardial adipose tissue thickness positively correlated with BMI, followed by body fat, age, body weight, diastolic blood pressure, triglycerides, fasting glucose, systolic blood pressure, and CRP, and negatively correlated with height (Table 3) .
Results of Multiple Regression Analysis
Multiple regression analysis was performed for variables that showed a significant correlation with epicardial adipose tissue thickness. Body weight and BMI in men and height, body weight, and BMI in women were factors that affected each other, and only BMI was included in the multiple regression analysis. Age, BMI, systolic pressure, and fasting blood glucose were statistically significant independent variables for epicardial adipose tissue thickness in men, whereas no statistical significance was observed for any variable in women (Table 4) . Journal of Biosciences and Medicines 
Discussion
The results of the present study show that the epicardial adipose tissue thickness measured with chest CT in healthy individuals correlates with cardiovascular risk factors in men. It has been reported that obesity is a risk factor for cardiovascular disease, metabolic syndrome, and mortality, and that body fat distribution was more closely associated with health risk than the amount of total body fat [10] . In particular, increased visceral fat mass may increase the risk of cardiovascular disease and metabolic syndrome regardless of body weight [11] [12]. However, most studies on visceral fat have been limited to abdominal fat. As it has recently been reported that epicardial adipose tissue fat is strongly associated with cardiovascular disease and metabolic syndrome, there is growing interest in epicardial adipose tissue as a new indicator of visceral fat. Concerning the mechanism by which epicardial adipose tissue affects cardiovascular disease or metabolic syndrome, it has been hypothesized that epicardial adipose tissue may act as the source of various cytokines that cause inflammation and atherosclerosis [13] [14] . In addition, it is also argued that epicardial adipose tissue may have greater effects on coronary artery disease than abdominal visceral fat due to the local effect of epicardial adipose tissue, which directly surrounds the coronary arteries [15] .
In related studies conducted to date, the measurement of epicardial adipose tissue mainly included measurement of adipose tissue thickness by transthoracic echocardiography and adipose tissue thickness, area, or total volume by 3-D cardiac CT. Previous studies using transthoracic echocardiography showed that epicardial adipose tissue thickness measured on the right ventricle correlated with waist circumference, abdominal visceral fat, insulin resistance, metabolic syndrome, and the severity of coronary artery disease [6] [16] [17] [18] . A number of studies using cardiac CT also showed that the amount of epicardial adipose tissue was associated with cardiovascular risk factors, coronary artery calcification, metabolic syndrome, and diabetes, independent of recognized obesity-related indicators such as BMI or waist circumference [19] [20] [21] [22] [23] .
Unlike most previous studies on epicardial adipose tissue using transthoracic echocardiography or cardiac CT performed in patients with metabolic disease or suspected coronary artery disease, the present study measured epicardial adipose tissue thickness using chest CT in healthy individuals without a history of such a disease. The results show that epicardial adipose tissue thickness correlated with age, body weight, BMI, total body fat percentage, systolic and diastolic blood pressure, and fasting blood glucose in both sexes. A significant association of epicardial adipose tissue thickness with total cholesterol and LDL cholesterol was observed in men, whereas a significant association of epicardial adipose tissue thickness with triglycerides and CRP was observed in women. Although the method for measuring epicardial adipose tissue thickness and the participants of the present study were different from previous investigations, the results of the present study are consistent with previously reported results, indicating the possibility that measurement of epicardial adipose tissue thickness could be used as a cardiovascular risk factor. In the present study, multiple regression analysis of cardiovascular disease-related variables showed that age, BMI, systolic blood pressure, and fasting blood glucose were independent variables associated with epicardial adipose tissue thickness in men, whereas no independent association was observed for any variable in women. These results might be due to the higher rates of smoking and drinking in men than women, because a history of drinking and a history of smoking were not included in the data analysis. In addition, mean total body fat percentage was higher in women than in men, but the actual amount of visceral fat was likely to be higher in men because indicators reflecting visceral fat, such as waist circumference, were not measured.
The present study is significant in that epicardial adipose tissue thickness was measured using chest CT, which is performed at a relatively high frequency for the general population in health examinations or routine clinical practice. The measurement of epicardial adipose tissue thickness using transthoracic echocardiography has the disadvantage that epicardial adipose tissue thickness can be measured only by skilled observers, and 3-D cardiac CT is costly and is not often used for screening purposes in healthy people. In addition, the methods for measuring epicardial adipose tissue as the whole epicardial adipose tissue volume or adipose tissue area at a specific location using cardiac CT, as used in previous studies, require the reconstruction of separate radiographic images using Hounsfield numbers, and it thus seems unlikely that it can be easily used in clinical practice. Journal of Biosciences and Medicines As in most studies using transthoracic echocardiography, the present study measured epicardial adipose tissue thickness on the right ventricle free wall. This is because epicardial adipose tissue is 3 to 4 times more distributed to the right ventricle than the left ventricle, which makes it easy to measure adipose tissue thickness on the right ventricle free wall [24] . However, a study comparing epicardial adipose tissue volume, thickness, and cross-sectional area using cardiac CT showed that the method for quantifying total fat volume was highly reproducible compared to the other two measurement methods [25] . In addition, it is thought that the precision and reproducibility of images obtained with chest CT may be somewhat low compared to measurements using cardiac CT, because cardiac movement leads to reduced quality of chest CT images of structures surrounding the heart. The present study involved healthy adults with no history of cardiovascular disease or metabolic disease, and found that epicardial adipose tissue thickness on chest CT was independently associated with cardiovascular risk factors such as age, BMI, systolic blood pressure, and fasting blood glucose in men. The results of the present analysis are significant in that previous studies using transthoracic echocardiography or cardiac CT could also be validated by measurement of epicardial adipose tissue using chest CT in healthy individuals.
However, the present study has limitations. Other indicators of abdominal visceral fat were not measured, smoking history and drinking history were not investigated, and the accuracy of the epicardial adipose tissue thickness measurement process using chest CT was low. It is thus necessary to conduct further studies with standardized methods to improve the accuracy of adipose tissue measurement surrounding the heart. Additionally, our study population mainly consisted of men, which may limit the generalizability of the results. Clinical studies including healthy people without a history of cardiovascular or chronic disease should be performed to evaluate the possibility that epicardial adipose tissue can be used as a risk factor to predict cardiovascular disease in the general population.
